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filtration  design 


The  U.S.  Army  Engineer  District,  Nashville  (CELRN),  plans  to 
install  an  in-line  automatic  backwash  filtration  system  at  Barkley 
Dam  powerhouse  on  the  Cumberland  River  (river  mile  30.6)  located 
in  Livingston  and  Lyon  Counties,  Kentucky.  Barkley’s  powerhouse 
has  four  low-head  generating  units  cooled  by  pumped  water.  The 
purpose  of  the  filtration  system  is  to  guard  against  an  expected 
zebra  mussel  {Dreissena  polymorpha)  infestation  by  removing  from 
the  cooling  water  system  stages  of  this  organism  that  are  capable  of 
settling  and  attaching.  This  technical  note  describes  the  planning 
and  design  of  the  Barkley  system. 

This  technical  note  was  written  by  Messrs.  Lee  Robinson  and  Mark 
Kuhlo,  CELRN,  and  E.A.  (Tony)  Dardeau,  Jr.,  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES),  with  the  assistance  of 
Mr.  Tony  Bivens,  CELRN.  For  more  information,  contact 
Mr.  Robinson,  (615)  736-5665,  or  Mr.  Dardeau,  (601)  634-2278, 
e-mail:  dardeae®  exl.wes.army.miL  Dr.  Ed  Theriot,  WES,  (601) 
634-2678,  is  manager  of  the  Zebra  Mussel  Research  Program. 

Backwash  filtration  uses  a  self-cleaning  strainer  to  remove 
suspended  solids  from  flowing  water.  This  filter  can  be  either  a 
single  station  or  a  multiplex  system.  In  addition,  a  basket-t3^e, 
non-self-cleaning  prestrainer  can  be  used  to  filter  large  particles  and 
organisms  and  prevent  them  from  overloading  the  high-efficiency 
filter.  Specialized  filtration  capability  using  a  sufficiently  fine  mesh 
is  necessary  to  remove  the  microscopic  early  life  stages  of  zebra 
mussels. 

The  Corps  of  Engineers  enlisted  the  contractual  services  of  I.C. 
Thomasson  Associates,  Inc.  (ICT),  Nashville,  TN,  to  develop  plans 
and  specifications  for  a  filtration  system  for  Barkley’s  Unit  2.  Acres 
International  Corporation,  Amherst,  NY,  was  then  asked  to  review 
the  ICT  work. 
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Final  design  parameters  included  the  following: 

•  Filter  system  capable  of  continuous  backwash  cleaning. 

•  Compatible  with  various  filter  media  configurations  (round, 
oval,  and  square). 

•  Monitoring  taps  and  valved  bypass  for  testing  the  system  effec¬ 
tiveness. 

•  Local  controls  with  remote  interface  capability. 

•  Elimination  of  100  percent  of  zebra  mussels  (veligers  and 
adults)  from  plant  cooling  water  piping. 

•  Noninterference  with  power  plant  operations.  (That  is,  the  unit 
must  filter,  flush,  and  operate  on-line.) 

•  Provision  for  constant  system  flow  and  pressure  of  cooling 
water. 

•  Sufficient  filtration  operation  time  in  the  event  of  component 
failure,  to  allow  for  manuad  repair  before  problems  arise  with 
high  temperatures,  low  flow,  or  low  pressure. 

•  Equally  effective  operation  under  pumped  (low-head  power¬ 
house)  or  gravity  flow  (high-head  powerhouse). 

•  Administrative  controls  to  prevent  low-  and  no-flow  conditions 
downstream  from  the  filter  system. 

•  Filter  shall  have  interchangeable  filter  media  from  25  to 
100  jjbm  and  from  holes  to  slits. 

•  All  unfiltered  piping  (such  as  the  piping  leading  up  to  the  filter 
and  the  backwash  piping)  shall  be  provided  with  cleanouts  to 
allow  for  mechanical  cleaning. 

•  To  ensure  adequate  pressure  to  the  filter  and  the  backwash  sys¬ 
tem,  the  cooling  water  pump  will  be  located  upstream  of  the  fil¬ 
ter  and  a  backwash  booster  pump  will  be  added. 

Backwash  Generator  unit  bay  2  was  selected  for  the  prototype  installation  of 
filtration  system  the  filter  system  (Figure  1).  Unit  bay  2  includes  the  auxiliary  water 
layout  intake  system,  requiring  more  demanding  space  constraints.  With 
respect  to  Barkley  Dam,  design  for  the  three  other  unit  bays  can  be 
adapted  from  the  unit  bay  2  design.  Both  low-  and  high-head  dams 
can  use  the  system.  The  existing  duplex  filter  will  be  replaced  with 
the  backwashing  filter.  An  absolute  40-^m  filter  was  chosen  to 
remove  all  veliger  and  larger  stages  of  zebra  mussels  (Dardeau  and 
Bivens  1995).  To  ensure  proper  backwashing  action,  the  pump  will 
be  relocated  upstream  from  the  filter.  The  existing  8-in.  (20-cm) 
suction  line  from  the  scroll  case  and  the  generator  coolers,  header, 
and  discharge  piping  will  not  require  alteration. 

The  filter  system  functions  as  river  water  flows  from  the  scroll  case 
and  passes  through  the  existing  715-gpm  pump.  The  water  then 
passes  through  the  absolute  40-/xm  backwashing  filter.  The  filter 
will  support  flow  rates  of  1,350  gpm,  filter  to  size  25  fim,  and 
operate  under  pressures  up  to  150  psi  and  water  temperatures  of 
176  ""F,  all  of  which  fall  well  within  Barkley’s  design  criteria.  Proper 
cleaning  requires  a  minimum  water  pressure  of  30  psi. 

Approximately  1  percent  of  the  intake  water  will  be  used  in  the 
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backwashing  procedure  and  is  discharged  into  the  draft  tube.  The 
remaining  water  is  filtered,  then  passed  through  the  cooling  water 
system  and  also  discharged  into  the  draft  tube. 

The  backwash  filter  system  is  presently  in  the  plans  and 
specifications  stage  and  is  awaiting  funding  for  purchase  and 
installation.  The  estimated  cost  for  one  system  unit  is  $90,000, 
which  includes  materials  and  labor. 

Dardeau,  E.A.,  Jr.,  and  Bivens,  T.  (1995).  "Zebra  mussel  control 
with  backwash  filtration,”  Waterpower  ‘95;  Proceedings  of  the 
International  Conference  on  Hydropower,  25-28  July  1995,  San 
Francisco,  CA,  American  Society  of  Civil  Engineers,  New  York,  NY, 
1256-64. 
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Figure  1,  In-line  backwash  filtration  system 


